Background: Stroke is the 4th leading cause of death and 1st leading cause of disability in Singapore. However the information on long-term post stroke outcomes for Singaporean patients was limited. This study aimed to investigate the post stroke outcomes of 5-year survival and rehospitalization due to stroke recurrence for hemorrhagic and ischemic stroke patients in Singapore. The outcomes were stratified by age, ethnic group, gender and stroke types. The causes of death and stroke recurrence were also explored in the study. Methods: A multi-site retrospective cohort study. Patients admitted for stroke at any of the three hospitals in the National Healthcare Group of Singapore were included in the study. All study patients were followed up to 5 years. Kaplan-Meier was applied to study the time to first event, death or rehospitalization due to stroke recurrence. Cox proportional hazard model was applied to study the time to death with adjustment for stroke type, age, sex, ethnic group, and admission year. Cumulative incidence model with competing risk was applied for comparing the risks of rehospitalization due to stroke recurrence with death as the competing risk. Results: Totally 12,559 stroke patients were included in the study. Among them, 59.3% survived for 5 years; 18.4% were rehospitalized due to stroke recurrence in 5 years. The risk of stroke recurrence and mortality increased with age in all stroke types. Gender, ethnic group and admitting year were not significantly associated with the risk of mortality or stroke recurrence in hemorrhagic stroke. Male or Malay patient had higher risk of stroke recurrence and mortality in ischemic stroke. Hemorrhagic stroke had higher early mortality while ischemic stroke had higher recurrence and late mortality. The top cause of death among died stroke patients was cerebrovascular diseases, followed by pneumonia and ischemic heart diseases. The recurrent stroke was most likely to be the same type as the initial stroke among rehospitalized stroke patients.
Background
Stroke is one of the leading causes of mortality and morbidity in developed countries [1] . Stroke survivors often face ongoing high risks of mortality and stroke recurrence. Stroke patients and their families are concerned about the patient's long-term post-stroke outcomes and therefore seek information that will enable them to make short and long-term plans and rational decisions [2] . Such information is also of interest to health care planners and providers [3, 4] . The long-term survival and recurrence after stroke was widely studied, but the results were with great variation [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The reported relationships between patients' demographics and the long-term post-stroke outcomes were also not consistent [17] [18] [19] [20] [21] [22] [23] [24] [25] . Majority of the studies were conducted in western population. Few comparisons have been made amongst Asian ethnic groups within the same geographical region.
Stroke is the fourth leading cause of death and hospitalization, as well as the first leading cause of long term disability in Singapore, especially in the elderly [26, 27] . The prevalence rate of stroke in the Singapore population is about 3.7% amongst adults 50 years and above [28] [29] [30] . The prevalence rate is about 7.7% among adults aged 65 and above [28] [29] [30] . However, information regarding long-term post-stroke outcomes is scarce. Therefore this study aimed to firstly study the 5 year post-stroke outcomes of survival and rehospitalization due to recurrent stroke and their association with patient demographics in Singapore population; and secondly to study the causes of mortality for died stroke patients and the types of recurrent stroke for rehospitalized stroke patients.
Methods
This is a multi-center retrospective cohort study. Patients who were admitted to any one of the three tertiary public hospitals in the National Healthcare Group of Singapore from year 2000 to year 2004, with a primary diagnosis of stroke (Ischemic Stroke [IS], Intracerebral Hemorrhage [ICH], or Subarachnoid Hemorrhage [SAH]), were included. The three study hospitals served about 40% of Singaporean population. Study patients' data were extracted from the hospitals' administrative databases, which store patients' demographics, admission and discharge dates, diagnoses, movement and treatment during hospitalization. Stroke presentation was identified by the primary ICD-9-CM codes (International classification of diseases, ninth revision, clinical modification) of 430 (Subarachnoid Haemorrhage), 431 (Intracerebral Haemorrhage), 433 (Occlusion and stenosis of precerebral arteries), 434 (Occlusion of cerebral arteries), 436 (Acute, but ill-defined, cerebrovascular disease). Patients who were not Singapore citizens or permanent residents were excluded from the study as they were likely to be lost to follow-up. All study patients were followed up for 5 years from the admission day of their index hospitalization by tracing their electronic records. Patients who were readmitted to other hospitals other than the three study hospitals were lost to follow-up in this study.
Index hospitalization for stroke was defined as the first hospitalization during the study period with a principal diagnosis of stroke. Rehospitalisation for recurrent stroke was defined as the 2nd hospitalization with a principal diagnosis of stroke subsequent to the index hospitalization.
The variables studied were admitting year (2000-2004), age, gender, ethnicity (Chinese, Malay, Indian or others) and stroke subtypes (SAH, ICH or IS). The main outcomes of the study were 5-year survival and stroke recurrence, which were respectively defined as survival days from index admission date to date of death), and days from date of index admission to date of rehospitalization due to recurrent stroke.
Patients' demographics of age, gender, ethnicity, and admitting year of the three stroke subtypes were compared using univariate tests. Kaplan-Meier analysis was applied to compare the cumulative incidence of death in 5 years among the patients of the three stroke subtypes. While cumulative incidence analysis with competing risk [31] was applied for hospitalization due to recurrent stroke.
Cox proportional model was applied to study both the unadjusted and adjusted relative hazard ratios of mortality in 5 years for all the stroke subtypes. The variables adjusted in the models were age, gender, ethnic group and admitting year. Fine and Gray competing risk model [32] was applied to estimate both the unadjusted and adjusted hazard ratios of hospitalization due to recurrent stroke in 5 years with death as a competing risk. The variables adjusted in the models were age, gender, ethnic group and admitting year.
The study was approved by the National Health Group's research ethics committee, Domain Specific Review Boards (DSRB). All analyses were conducted using STATA version 11 (Stata Corporation, College Station, TX). Statistical significance was taken as p-value less than .05.
Results
Totally there were 12,559 stroke patients included in the study. Of them, 9,554 (76.1%) were IS, 2,439 (19.4%) were ICH, and 565 (3.8%) were SAH. Overall, 58.3% of the patients survived after 5 years, 15.7% of them were rehospitalized due to recurrent stroke. 55.2% of SAH, 55.4% of ICH, and 59.2% of IS patients survived for 5 years. 4.8% of SAH, 8.9% of ICH, and 14.6% of IS patients were re-hospitalized due to recurrent stroke in the 5 years. Table 1 shows patient characteristics of age, gender, ethnic group, admitting year, the proportions of mortality and stroke recurrence in all the three types of stroke patients. The patients were predominantly Chinese (81.2%), Malay (10.6%), Indian (5.5%), and other ethnic groups (3.7%) made up the rest of the sample. The ethnic distribution within the national population at the start of the study was 76.8% Chinese, 13.9% Malay, 7.9% Indian and 1.4% other ethnic groups [11] . There were more males than females (54.0% vs. 46.0%), p < .001. The mean age was 76.3 (SD = 13.8) and the median age was 77.4 years old. Totally, 58.3% of stroke patients survived longer than 5 years. 13.0% of stroke patients were reshospitalized due to recurrent stroke in 5 years. Overall, SAH patients (mean: 70.5; median: 72.0) were younger than ICH patients (mean: 74.6; median: 73.5); and ICH patients were younger than IS patients (mean: 78.4; median: 77.4). Female were more likely to get SAH; but less likely to get ICH or IS compared with male. The ethnic distribution in each stroke type was similar. More IS survived for 5 years than ICH and SAH patients. However, a smaller proportion of ICH and SAH patients were rehospitalized due to recurrent stroke ( Table 1) .
The survival curves of the three types of stroke patients were compared using Kaplan-Meier analysis. Ischemic stroke patients survived significantly longer than hemorrhagic patients (ICH then followed by SAH). The average survival time for IS patients were 3.6 years; while the time for ICH and SAH were 3.0 years and 2.8 years, respectively. For SAH patients, once they survived the first month, they were more likely to survive the following 5 years. For ICH patients, they died fast at the beginning, and they also died fast in the following years. While for IS patient, they had high survival chance at the beginning, but they were still at high risk of death in the following 5 years. The log rank test suggested that the survival functions of the three types of stroke were significantly unequal (chi-square statistics = 149.5, and p < 0.001) ( Figure 1 ).
The risks of hospitalization due to stroke recurrence over the 5 years among the three types of stroke patients were compared using cumulative incidence analysis with death as competing risk. Hemorrhagic stroke patients were more likely to be hospitalized than ischemic patients. The Gary test suggested that the survival functions of the three types of stroke were significantly unequal (chi-square statistics = 96.5, and p < 0.001) ( Figure 2 ).
The unadjusted odds ratios of death in 5 years in ICH and SAH group were 1.4 (95%CI: 1.3-1.5) and 1.6 (95% CI: 1.4-1.8) respectively, as compared with IS group. The adjusted associations between the risk of death and the factors of admitting year, age, gender and ethnic group in the three stroke categories were estimated using cox regression. In all three stroke types, after adjusting for other factors, elder age increased the risk of mortality. But stroke mortality occurred across all age groups. Among stroke patients younger than 45 years, 10.1% of IS patients, 23.2% of ICH patients, and 13.2% of SAH patients died in 5 years. For IS patients, the mortality rates decreased with admitting year; being male or in Malay or other ethnic group were at a higher adjusted relative risk of death as compared with Chinese. While for ICH or SAH patients, the risk of mortality in 5 years wasn't affected by admitting year, gender, or ethnic group (Table 2) .
Considering death as the competing risk, the crude odds ratios of hospitalization due to stroke recurrence were 1.1 (95%CI: 1.1-1.2) and 1.1 (95%CI: 0.9-1.3) in ICH and SAH groups respectively, as compared with IS patients. The adjusted associations between the risk of hospitalization due to stroke recurrence and the factors of admitting year, age, gender and ethnic group in the three stroke category were estimated by Fine and Gary model. Older patients had higher risk of rehospitalization in all three types of stroke. Ethnic group, gender and admitting year didn't affect the risk of rehospitalization in the hemorrhagic stroke categories (ICH and SAH). Among IS patients, discharged in earlier years, males, Malays and other ethnic groups had higher relative risk of stroke recurrence (Table 3) . We also studied the relationship between the first stroke and the recurrent stroke. Figure 3 shows the distribution of the stroke types identified in recurrent stroke hospitalization with respect to the initial stroke type. The recurrent stroke was most likely to be the same type as the initial stroke among the rehospitalized stroke patients. About 70% of recurrent stroke were still IS stroke among patients with initial IS. About 60% of recurrent stroke were still ICH among patients with initial ICH. About 40% of recurrent stroke were still SAH stroke among patients with initial SAH. The percent distribution of the recurrent stroke types were significantly different among the IS, ICH and SAH patients (chi-square statistics = 21.9, and p < 0.001) ( Figure 3) .
Cerebrovascular disease was the leading cause of death, followed by pneumonia, ischemic heart disease and cancer, for all types of stroke patients. Other causes of death among stroke patients included other heart disease, UTI, diabetes mellitus, accidents, poisoning and violence, nephritis, nephrotic syndrome and nephrosis, as well as septicaemia. 36.4% of death for IS patients were caused by cerebrovascular disease, while the proportion was 60% for ICH patients and 70% for SAH patients. The causes of death were significantly different among died IS, ICH and SAH patients (chi-square statistics = 39. 5, and p < 0.001) ( Figure 4 ). 
Discussion
In our study, 15.7% of stroke patients were rehospitalized due to recurrent stroke, and 58.3% of the patients survived after 5 years. A wide range of survival (29.0%-60.3%) and recurrent probabilities (9.4%-23.8%) have been reported cross different population [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , which could in part be explained by differences in study population, stroke subtypes, stroke severity, first-ever or recurrent stroke. Our results were within the reported range. IS patients had the highest survival rate, followed by ICH and then SAH patients in this study. Compared with IS and SAH patients, ICH patients were more likely to be hospitalized due to stroke recurrence after considering death as the competing risk. If competing risk of death was not considered, IS had highest risk of stroke recurrence, followed by ICH and SAH, which were tally with the reported findings [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Therefore adjustment of competing risk of death is crucial for studying the risk of stroke recurrence.
It is not surprise that older patients had higher risks of mortality and stroke recurrence in all stroke categories in this study. Gender did not significantly influence outcomes except IS in this study. After adjusting for admitting year, age, and ethnic group, females had a lower relative risk of mortality than males among IS patients. According to the National Health Survey conducted in year 2004 in Singapore [33] , males had higher prevalence of DM, HTN, total cholesterol, and smoking compared to females. This may help explain the gender difference to some extend in this study. How gender affects the post-stroke survival was inconclusive based on published studies [17] [18] [19] [20] [21] . This discrepancy might be caused by sample size, stroke subtype, stroke severity, and confounders adjusted in the studies.
In our study, ethnic group didn't influence the 5 year risk of mortality and stroke recurrence except for IS patients. There was an increased risk of mortality and stroke recurrence in Malays and other ethnic groups as compared with Chinese among IS patients. This trend may be partially explained by the higher load of atherosclerotic risk factors among them. Malays had higher prevalence of DM, lipids, and smoking compared to Chinese according to the National Health Survey 2004 [33] . Differences in outcomes for various ethnic groups have also been reported in other studies [22] [23] [24] [25] . We also examined the causes of death for patients with different subtypes of stroke. A large proportion of deaths were related to stroke complications. Complications of stroke can be classified in the cerebral and extra cerebral [34] . Extra cerebral complications include pneumonia and pneumonitis, acute hypertensive response, venous thromboembolism, cardiac complications, urinary tract infections and decubitus ulcers [34] . The leading causes of death in this study were cerebrovascular disease, followed by pneumonia, ischemic heart disease and cancer. The leading cause of death for women was cerebrovascular disease whilst pneumonia for men.
Hemorrhagic stroke patients were more likely to die from cerebrovascular disease compared to IS patients.
In sum, older stroke patients have a higher risk of worse outcomes. Ethnic differences are seen in the outcomes of stroke depending on the type of stroke. Females have better outcomes than males only for IS patients. The stroke recorded during the subsequent hospitalization is also more likely to be of the same type as the initial stroke identified. The most common cause of death post-stroke is cerebrovascular diseases in all the stroke patients regardless the subtype of stroke. The main strengths of this study are that we have studied about 40% of the stroke population across multi-hospitals in Singapore and have obtained complete five-year follow-up. This is the largest study of survival and recurrent stroke to date in Singapore. In addition we have used methods of survival analysis with competing risk that allowed us to estimate the risks of recurrent stroke and death simultaneously. Competing risk model is more appropriate for a condition such as stroke which is associated with a high mortality.
There are a few limitations to our study. First, we have used ICD diagnosis codes in the administrative databases to identify our study patients. Internal audit studies have shown that the coding accuracy of primary diagnoses were above 96%. However, the accuracy of coding is likely to vary with disease complexity or differ in institutions. Second, stroke patients who readmitted to other hospitals than the three study hospitals were not captured. Therefore the readmission rate due to stroke recurrence might be under-estimated in this study. However, based on internal audit studies, among all the readmitted patients in one year after discharge, less than 6% were readmitted to other hospitals. This rate may vary for patients with different diseases. Third, our risk adjustment may be inadequate because of lack of clinical details, for example the severity of stroke. Lastly, we couldn't differentiate patients of first ever stroke or the recurrent stroke based on their index admission. The 5-year survival and recurrent rates might be very different for these two kinds of patients.
Conclusions
Five year post-stroke survival and rehospitalization due to stroke recurrence as well as their associations with patient demographics were studied for different stroke types in Singapore. The causes for post-stroke mortality and the recurrent stroke types were also studied. Specific preventive strategies are needed to target the high risk groups to improve their long-term outcomes after acute stroke.
